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Culture-independent fluorescent staining techniques for quantifying respiratory-active and
denitrifying bacteria in soil were developed and applied for the field survey in paddy soil to reveal
seasonal changes in the number of various bacteria including these bacteria in combination with other

various direct count and plate count methods.

L. A 5-cyano-2, 3-ditolyl tetrazolium chloride (CTC) -SYBR Green [ double-staining (CTC-8G)
method was developed to enumerate respiratory-active bacteria in soil. By the CTC-SG method,
almost all cells in the late logarithmic growth phase of several Gram-positive and -negative
facultative anaerobic bacteria were detected as respiratory positive, suggesting the validity of the
method. A starved culture of E. coli showed the presence of viable but nonculturable cells, as
detected by the CTC-SG method after two weeks of incubation. The counts of metabolically active
bacteria in upland and paddy soils by the CTC-SG method were 4.5x10%-1.4x10° cells g dry soil,
which were as much as 10-12% of the total bacterial count and 1.5-5.2 times higher than the plate
counts,

2. A single-cell identification technique that is culture-independent, direct in situ PCR, to enumerate
denitrifying bacteria in soils was developed. The specificity of this method was evaluated with six
species of denitrifyihg bacteria using nirK as the target gene; Escherichia coli was used as a negative
control. Almost all (97.3%—100%) cells of the nirK-type five species of denitrifying bacteria were
detected by this method, whereas no E. coli cells and only a few cells (2.4%) of nirS-type denitrifying
bacteria were detected. Numbers of denitrifying bacteria in upland and paddy soil samples quantified
by this method were 3.3 x 10% t0 2.6 x 10° cells g dry soil. These values are approximately 1,000 to
300,000 times higher than those estimated by the conventional MPN method. These results suggest
that the direct in situ PCR is a better tool for quantifying denitrifying bacteria in soil than the MPN
method.

3. Seasonal changes in the numbers of bacteria in a paddy field soil were surveyed by using several
culture-independent and -dependent methods throughout of a year, Number of total bacteria
determined by ethidium bromide direct counting was at a level of 10'° cells g dry soil and showed a
Little change throughout a year. A similar pattern was obtained for the number of total viable count by
CFDA direct counting. In contrast, counts of culturable bacteria were at a level of 107-10° and
fluctuated to the great extent. The counts of denitrifying bacteria by direct in situ PCR were as same
as 4 - 20% of total bacteria. Number of respiratory-positive bacteria was several times lower than that
of denitrifying bacteria.

These results suggest that denitrifying bacteria would appear to comprise a larger functional group
within the soil bacterial community than previously thought and that the methods developed in this
study would be promising tools to quantify respiratory-active and denitrifying bacterial populations
for their ecological studies in the soil.
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